Abstract
INTRODUCTION
Land mapping in Indonesia is conducted by the Office of National Land Agency (BPN). In general measuring the land are closely related with consideration to give certainty and laws protection against subject and object of land rights. There are two methods in measuring the land area used by BPN, they are terrestrical and photogrametrical.
Terrestrical method is direct measurement on the field by means of taking angular and/or distance data, which done by trilateration (distances), triangulation (angles) or triangulateration (angles and distances) data collection. Instruments that be used are theodolite and meetband or Electronic Distance Measuring (EDM) device and data recorder. While fotogrametris method is measurement using a means of aerial photos based on satelite image. Hasil pengukuran di lokasi ditandai dengan menggunakan patok semen [1] .
All of the measurements conduct under the act, one of them is Regulation of the Minister of agrarian and Spatial Planning (Peraturan Menteri Agraria dan Tata Ruang/Kepala Badan Pertanahan Nasional) No. 35 year 2016 about the acceleration of the implementation of a Complete Systematic Land Registration. It is intended to meet the principle of delimitation of contradicture and the principle of publicity.
Meanwhile the mapping technology is thriving with the presence of GoogleMap completed with GoogleAPI to ease its use. Unfortunately this technology can not be used by BPN, because there is no law regulating their use. This paper is intended to evaluate the measurement and the determination of the boundaries of land based on GoogleMap and GoogeAPI with the reference methods of measurement for official use by the BPN.
Chekole, performed a research which examines a Comparative Study: Surveying Using GPS, Total Station and Terrestrial Laser Scanner. The study was aimed to compare the level of accuracy, precision and required time. The results of this study showed that there was no error in the measurement using of GPS for it was precise and accurate, and the use of Total Station had been proven required more time [2] . Shunfu Hu and Tiang Dai conducted a research that examined the development of the online map application using Google Maps API, SQL Database and ASP.NET. The study showed an online mapping application that was successfully developed and it also provided an advanced functionality for searching, filtering and performing an interface tab that offers users the ability to manipulate data. The case study that is presented in this article provides an advanced functionality to display a number of locations and thousands of USDA-based plantations (United States Department of Agriculture) on the internet with icons and legends of customized maps [3] .
A. Omar Ibrahim and K.J Mohsen conducted a research that examined the Design and Implementation of Location Online Services Using of Google Maps for Android Mobile. Results of this study shows an online mapping application using of Google Maps API, Google Direction APIs, JSON, MySQL database and PHP. This application is a type of open source application with high reliability. This application helps tourists or users to add a place on a map or it is able to remove the place from the map or review information about any place on the map, and to calculate the route, duration and distance between points and places on the map [4] .
Windarni A.V, et al conducted a research that investigated the use of GPS and Google Maps for Digital Mapping of Land Certificate. The study concludes that digital design of a land certificate is superior to online maps owned by BPN. People who use this application will get information about a map in accordance with the information contained in the land documents and it will simplify the search of land location [5] .
I. O. Bildirici and N.N. Ulugtekin performed a research on the Web Mapping using of Google Maps Mashup: Overlaying Geodata, which they studied the map mashups that were created using of API mapping. In the study, they introduced the basics for creating of map mashups. Map Mashups can be used to indicate the location of businesses, hotels, convention centers, etc. [6] .
GPS (Global Positioning System) is a global navigation system that is used to determine the location, speed, direction and time. This system is designed to provide information about a position and it is suitable for all kinds of weather, designed to give precise three-dimensional position and speed, to give continuous information about the time all over the world [7] . In Indonesia, GPS is widely used by various parties. If we want to know position of an object, we need a GPS receiver that has function to receive GPS signals, and that position is transformed into points that known as waypoint. The waypoints are latitude and longitude coordinate points of an object position.
Google Maps API is a service provided by Google for users of Google Map to be used in developing of apps. Google Maps API provides several features for map manipulation and adds contents through various types of services that are owned by Google, and it allows users to build enterprise applications on its website.
Heron formula is a formula that is used to find the area of a triangle by the length of its three sides. This formula has two versions of which the first version is Heron formula in Euclid geometry or plane geometry and the second version is Heron formula in spherical geometry or geometry in the area of a ball [8] .
DYNAMIC SYSTEM
The method used in this research is Research and Development approach using of dynamic system, which is to know how the extent of achievement with the usage of GPS to calculate the area of a land plot and the usage of Google maps for mapping of a land certificate. The Research and Development (R & D) approach is a research method that is useful for the analysis of specific needs and to test the effectiveness of products that can be beneficial for society in general 
Potential of Problems
Potential of problems in this research is how to calculate the result of a land plot area quickly and to analyze the results of comparison of land plot areas, as well as to get information accurately. Allegedly, a quick result is obtained through the help of GPS technology in calculating the area of a wide and flat land plot. This accurate information can also be provided through the help of GPS technology and through the manipulation mapping of Google Maps API. By this method, hopefully, people will be able to use the digital format of land mapping, to get clear information about the history of changes related to the rightful land holder and to get information about the land borders in the form of its surrounding coordinate points.
Data Collection
Data collection in this study was carried out by utilizing of Garmin series-Oregon® 650 GPS, to determine the coordinate points (latitude and longitude) of land borders owned by the land owner. It needs 10 land plots in collecting data by taking one coordinate of land borders in one day and carried over 10 days. All studied land plots have various land forms, and as a result, they have a various number of land border points.
Product Design
Product design or the application of mapping of land certificate can be used by two types of users who each of them will have different access rights within the application. One of users performs the login process is as admin user and the second user as ordinary user.
Design Validation
Design validation is the stage to evaluate the product design or the generated application, which is tailored to the needs of the National Land Agency (BPN).
Design Revision
The design revision can be done if users or experts has found out the weaknesses of the generated product or application. If there are still weaknesses in the product or application, it is necessary to revise the design.
Product Test
Product test of a land certificate mapping application was done to the land plots that had a valid certificate, with a total of 10 land locations.
Product Revision
Product revision was made after the phase of product test. By studying the weaknesses of the generated product or application, the researchers performed the revision phase of the product or application.
Usage Test
Usage test was carried out at 10 land locations that already have certificates, with an application design that had been planned and data that had been ready for the test.
Product Revision
Product revision will be done again if there are weaknesses in the generated product or application.
Mass Production
Mass production can be done if the product or application that was created has passed the test and can be applied to real conditions and it has results worthy to be developed.
RESULT AND DISCUSSION
UML (Unified Modeling Language) is a visual modeling method for object-oriented system design and as a standardized language in visualization, design and documentation of a software system [10] . Design of this study uses UML to create the design draft of land certificate mapping. Meanwhile, the implemented UML diagrams are context diagram and sequence diagram. The purpose of this design is that users can understand the system design that will be built. Figure 2 is context diagram of mapping system of land certificates. There are two entities, i.e: 1) National Land Agency (admin) a) Input from the system in the form of coordinate points of land, land ownership data input and the input scan file of land certificates. b) Output to the system in form of the success storage of coordinate land data and land ownership data which are stored in the database of land certificate information based on certificate number owned by the land owners. 2) User a) Input to the system in form of the certificate number owned by the land owners. b) Output from system in form of information about land certificates and mapping that are stored digitally.
For the result of user sequence diagram , it can be seen in Figure 3 , which there is one actor (user) and 9 objects (login, DAO user, user database, home, view certificates, view certificates DAO, certificates database, map the certificates and exit). Figure 4 is the front page after the admin performs log in on the application and Figure 5 is the front page after user performs log in. It can be seen that both user and admin user have different access rights in the mapping application. Figure 6 is the result of digital mapping after the admin inputs the coordinate points. The determination of coordinate points is adjusted with location of land borders owned by the land owner in accordance with actual conditions in the field. When the admin or user is clicking on each corner of the map, he/she will get different information about the value of coordinate points at each corner of the land borders and he/she will get the same information about certificate number, owner's name, land location, the wide of the land, the history records of the rightfully land owner. Once confirmed, a survey conducted at 10 locations of the land plot that already have a certificate document, with data collection for 10 days. The land borders in form of coordinate points (latitude and longitude) will then converted into units of meters, so that the length of each side can be known. Before starting the calculation of the distance among corners, please note that the circumference of the earth at the equator is 40075.017 km [11] . Researchers use a calculation to find out the distance between two points on the earth's surface with the assumption that the earth is elliptic, of which they can use the formula as seen in Equation (1):
where co co in in
and ω i changed into radian with: : the earth trellis on equator, : the earth trellis on poles, : relative error (mean) [12] .
Heron formula is the formula used to calculate the area of a triangle whose sides are known, because the shape of the area of a land is always irregular, this formula can be used to find the results of land areas. In determining the land area, the authors use the Heron Euclid formula (Heron formula for a horizontal plane), then it will be obtained by the formula:
with: Table 1 show the calculation of the land areas according to the certificate document, the result of land areas according to the GPS calculation and the measurement using a meter tape. In collecting the data, researchers used 10 land sites with different shape. Most of them have a relatively flat contour. From the calculation and measurement, we concluded that the information about the land areas on certificate documents and the calculation of land areas by utilizing GPS technology showed different results. After getting the results of land areas using GPS, the range for the sample mean value or confidence interval value can be found. We use a confidence level 95%, which means that we believe sample mean 95% exists within the obtained interval. The obtained data show different results (information about land areas on the certificate documents and calculations are made using of GPS and using of meter tape). The land area measurement using of a tape meter can be used as additional information on the digital recording of land certificate mapping. Table 2 is the result of the calculation to determine the range of confidence interval using of GPS Technology. We use of 10 times measurement for one location of land plot and conducted over 10 days. In this study, we use a sample size less than 30 to determine the formula for calculating upper limit and lower limit of the range and estimation of population interval mean can be seen in Equation (3) [14] . There are differences in the measurement results between the information about land areas on the certificate documents and the calculation of land areas using of GPS technology. From the series of measurement, GPS measurement fall above the land area expressed in the certificate and bellow the meter tape measurement. It can be seen in the Figure 7 . This measurement still need to study further to get a stable measurement. The limitation that must be considered in using GPS is that GPS signal should not be hindered by any barriers such as leafy trees or tall buildings. The use of GPS is actually very interesting because GPS can be used to calculate the result of a land area in a large and flat area and GPS can be used day or night and even in adverse weather conditions. Besides, GPS can be used with free of charge; to find out relative position of coordinates using of GPS receiver is very much easy and it does not need a lot of effort. Finally, the use of GPS in determining a relative position is not affected by the topographical condition that is under survey area, compared to the use of terrestrial methods such as polygon measurement [7] .
The advantage of this mapping, among others, BPN and public in general will have a land mapping that is made digitally. Besides, it helps the users in trading the land. It helps displaying the information contained in the map (the name of the land owner, the address of the land site, it displays the comparison of land area result on the certificate document while measured using a tape meter and the result obtained using of GPS technology and other records). It also facilitates the search for the location of a land when there are no land boundaries (such as tree or benchmark created by the BPN) by which the coordinate points (latitude and longitude) can be used as a border benchmark. Finally, it helps in facilitating storage. Digital-made land mapping on certificate look more flexible, but it still need to study further more to get more stable measurement. It can be used by public community to show the land location to facilitate the land trading. On the website owned by the BPN (http://peta.bpn.go.id/) [15] , there is online map that plots any certificate on its corresponding places on the map, but there are not any information about the land owners and it shows only relative distribution of land areas.
CONCLUSION
Based on the research that has been done, it can be concluded that there are different information results between the measurement of land areas contained on the certificate documents and the measurement of land areas using GPS technology. From the series of measurement, GPS measurement fall above the land area expressed in the certificate and bellow the meter tape measurement. This measurement still need to study further to get a stable measurement. But it can be used by public community to show the land location to facilitate the land trading. The limitation that must be considered in using GPS is that GPS signal should not be hindered by any barriers such as leafy trees or tall buildings.
